Background {#Sec1}
==========

Autism spectrum disorder (ASD) is a Neurodevelopmental disorder that includes a wide range, "a spectrum," of symptoms and levels of disability including social, communication and interaction challenges, and repetitive behaviors. Some subjects mildly impaired by their symptoms, lead a normal life with less dependence, while others are severely disabled and are completely dependent on their caretakers \[[@CR1]\].

About 1 in 68 children suffer from ASD. ASD is reported to occur in all racial, ethnic, and socioeconomic groups. ASD is 5 times more common among boys (1 in 42) than among girls (1 in 189) \[[@CR1]\]. The total costs per year for children with ASD in the United States were estimated to be between \$11.5 billion - \$60.9 billion (2011 US dollars) and family average medical expenditures of \$4110--\$6200 per year. This socioeconomic burden represents a variety of direct and in-direct costs, from medical care to special education to lost parental productivity \[[@CR1]\].

The rising prevalence, coupled with the emotional and financial impact on the affected families, underscores the need for large, prospective, population-based studies with the goals of finding the cause, which can lead to impactful interventions and outcomes \[[@CR2], [@CR3]\]. Perhaps, the increase in the number of autism diagnoses that we have seen over the last decade can be explained through societal changes rather than an increase in underlying biological/environmental factors \[[@CR4]\].

Researchers have studied various pathologic processes and factors that may be associated with ASD, with the hope to identify targets to detect patients at risk or prevent the disease by modifying risk factors for the ASD. Such studies were focused on genome in the past \[[@CR5]\], more recently specific single-nucleotide polymorphisms (SNPs) studies are also being performed. A recent study found oxytocin receptor gene (OXTR) to be associated with ASD \[[@CR6]\]. Nutritional deficiency as a cause or risk for ASD has been studied. Chen et al. found that mothers of ASD children had lower maternal serum levels of vitamin D and with increasing levels of vitamin D during pregnancy, there is decreasing severity of ASD. Moreover, mothers with lower D have increased odd of ASD diagnosis in offsprings \[[@CR7]\].

Other studies have found association between environmental factors, activated immune responses in mother \[[@CR8]\], congenital infections \[[@CR9]\] maternal infections \[[@CR10]\] and immune activation suggested by cytokine levels \[[@CR11]\]. No specific pattern has been identified, although, proinflammatory and anti-inflammatory cytokines balance particularly at maternal and fetus interface has been studied \[[@CR12]\]. Additionally, maternal antibodies and autoantibodies has also been linked to ASD \[[@CR13]\]. Most of these antibodies are possibly directed at neuronal tissue \[[@CR14]\]. Antibodies reactive to specific proteins were also found to be present in mothers of ASD children \[[@CR15]\]; authors suggests them as anti-fetal brain antibodies. These antibodies are non-specific, and are also found in other disorders like multiple sclerosis \[[@CR16]\] or schizophrenia \[[@CR17]\] . Nonspecific symptomatology also exists across different disorders for similar behavior profile. A meta-analysis of 24 studies with ASD and 22 studies of anorexia nervosa found that both groups exhibit difficulties in set-shifting measured by the Wisconsin Card Sorting Test in the same way, which suggest complexity of the pathogenic mechanisms \[[@CR18]\].

Multiple studies have investigated the association between C reactive protein (CRP) and ASD. The CRP is a stable protein indicating inflammation in many systemic disorders. Its concentration directly relates to the level of active inflammation in many disorders \[[@CR19]\].

Studies on CRP have provided conflicting evidence. Some studies found that CRP is associated with pathology, particularly psychopathology, while other studies suggested otherwise. For example, CRP has been found to be associated with cognitive impairments in adults with psychiatric disorders. Cullen et al. investigated the association of salivary CRP and cognitive function in children aged 11--14 years and found that elevated salivary CRP is associated with poorer cognitive function in early life. But this association is not moderated by concurrent psychopathology \[[@CR20]\]. Conversely, Sorokin et al. investigated umbilical cord serum concentration of CRP, and found elevated levels associated with chronic lung disease and preterm birth but no association with poor neurodevelopmental outcomes \[[@CR21]\].

A systemic review and Metaanalysis was approached on the possible occurrence of raised CRP in subjects with ASD or in their mothers; maternal CRP (mCRP).

Review of studies with CRP in subjects with a diagnosis of ASD {#Sec2}
--------------------------------------------------------------

Proteomics is the large-scale study of proteomes. A proteome is a set of proteins produced in an organism, system, or biological context. Such studies have found higher levels of CRP in children with ASD and other neuropsychiatric disorders, in parallel to immunoglobulins irregularities \[[@CR22]--[@CR24]\]. Chaudhary et al. found significantly elevated serum CRP levels in subjects with ASD compared to control \[[@CR22]\]. While Ramsey et al. reported the complex interaction of CRP and age as CRP levels were only 50% of controls in subjects younger than 9 years of age, while CRP levels in subjects with ASD were increased to more than 200% of controls in children above 13 years of age \[[@CR23]\].

Khakzad et al.^25^ reported a higher mean concentration of CRP in ASD versus the controls. The mean concentration of high sensitivity (hs)-CRP in children with ASD (540.1 ± 1125.5 ng/ml) was significantly (*P* \< 0.0001) higher than control group (1.3 ± 1.0 ng/ml). In severe ASD, the mean level of hs-CRP (985.1 ± 1432.1 ng/ml) was significantly (*P* = 0.008) higher than the mean level of hs-CRP in patients with mild-to-moderate ASD (147.1 ± 60.4 ng/ml). There was a positive correlation between hs-CRP concentration and ASD severity (r = 0.34; *P* = 0.039). These findings suggest role of inflammation in ASD \[[@CR25]\].

Metaanalysis of these studies was not possible as the required data were not provided by authors owing to the different design and methods of studies. Conversely, studies on mCRP have provided data that can be analyzed by metaanalysis.

Metaanalysis of maternal CRP during pregnancy (mCRP) and ASD {#Sec3}
============================================================

Methods {#Sec4}
-------

We followed PRISMA guidelines \[[@CR26], [@CR27]\] to perform data review and metaanalysis.

Rationale {#Sec5}
---------

Multiple studies available aiming to address the association between mCRP and ASD reported conflicting evidences.

Objective {#Sec6}
---------

To detect association between mCRP and child's diagnosis of ASD by collecting and analyzing all available observational or cross sectional non interventional studies where levels of mCRP were compared between mothers of children without ASD versus mCRP of mothers of children with ASD.

Data searches were performed on Pubmed, Embase and Google scholar using key words; C reactive protein (CRP), Maternal CRP, ASD, autistic disorder, Inflammation and combination of these. Initial screening reveal (Autism Spectrum Disorder = 27,011, CRP = 74,382, Maternal C reactive protein = 42, but focused searches narrowed down to relevant articles for example ("Autism Spectrum Disorder"\[Mesh\]) AND "C-Reactive Protein"\[Mesh\] =11. PRISMA flow diagram (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Prisma flow diagram for searching articles

Inclusion criteria {#Sec7}
------------------

All English-language studies published between 1960 and 2019 pertaining to CRP and ASD. Studies which provided data on CRP levels during pregnancy (mCRP) of Mothers of offspring with ASD and (mCRP) of mothers of children without ASD were selected. Data was extracted in the form of odd ratios of having high mCRP in mothers of children with ASD versus mCRP of mothers of children without ASD. Since these odd ratios were already adjusted, therefore no Meta regression analysis were attempted. Extracted data was analyzed by Comprehensive meta-analysis software (Biostat, Englewood, NJ, USA). Significant heterogeneity was found; therefore, random effect model was employed.

Results {#Sec8}
=======

Studies screening and selection strategy is outlined in Fig. [1](#Fig1){ref-type="fig"}. Three studies \[[@CR10], [@CR28], [@CR29]\] (Table [1](#Tab1){ref-type="table"}) were identified, meeting the inclusion criteria. Four datasets were created from these 3 studies as the study by Zerbo et al. provided data in 2 subsets \[[@CR10]\]. Total number of subjects were 5258 (Brown, *N* = 677, Zerbo = 416, Koks = 4165) extracted data from these studies were pooled for analysis. Subjects composition for each study as follows; for Brown et al. CRP modeled as a continuous variable in relation to risk of childhood ASD in offspring. The analysis revealed a significant association between increasing maternal CRP and risk of ASD (OR = 1.12, 95% CI = 1.02--1.24, *p* = 0.02 while their quintile analysis compares fifth quintile CRP value (N 164 mothers) to first quintile CRP Value (N 119 mothers) for Odds of ASD 1.43 95% CI =1.02--2.01, *p* = 0.03. Zerbo et al. compared 500 mothers of children with ASD, 235 mothers of children with developmental delay and 580 mothers of children from general population. Koks et al. had total sample of 4165 mothers, group with highest per quartiles were compared with group with lowest quartile value of CRP (N for each group not provided). For meta-analysis, Random effect model was used as substantial heterogeneity among the studies was observed. Mothers of children with ASD had Odd ratio of 1.02 (0.948 to 1.103, I^2^ = 75, *P* = 0.558) to have high mCRP, comparing mothers of control (Fig. [2](#Fig2){ref-type="fig"}). We acknowledge that number of studies are small and metaanalysis is apparently dominated by one large study. Table 1Characterstics of included studies with outcomesStudy Authors, yearStudy Sample characteristics;findingsoutcomesCritical reviewBrown et al. 2014(Finland)−677 mothers of ASD were matched with 677 control.-Covariates included maternal age, paternal age, number of previous births, maternal socioeconomic status, pre-term birth, low birthweight, maternal/ parental history of psychiatric disorders, and gestational week of the blood draw80% increase in risk of ASD with elevated mCRP, in the highest decile (\> 9.55 mg/dl), compared to the lowest decile (0.10--0.57 mg/dl) (OR = 1.80, 95% CI = 1.09--2.97, *p* = .02)greater association for females, but no interaction between mCRP and gender or mental retardation.**significant association** between increasing maternal CRP (as continuous variable) and risk of ASD (OR = 1.12, 95% CI = 1.02--1.24, *p* = 0.02-Retrospective Case control study provides only weak evidence for association.− 455 cases were excluded from sample of 1132).-Many important confounding factors were not recordedi.e. history of infection, or inflammatory disorder, genetic analysis, immunoglobulin levels, psychopathology in pregnancy, or ethnicity.Koks et al. 2016(Netherlands)-mCRP levels in early pregnancy and Social Responsiveness Scale (SRS) scores in children at the age of 6 years were analyzed for 4165 mother-child pairs.mCRP levels and SRS scores were found to be associated but sequential modelling with confounding factors made the association disappear.**no association** between elevated levels of mCRP during early pregnancy and parent-reported autistic traits in children at the age of 6 years.-Retrospective Case and control study provideWeak evidence.− 1042 mother-child pairs data excluded have younger mothers with different lifestyle i.e. more smoking.Zerbo 2016(USA)-population-based nested case--control study with 500 children with ASD, 235 with developmental delay (DD) and 580 general population (GP)− 2 phase study.-First sample set. Median mCRP levels were lower in the mothers of children with ASD (1.28 mg/dl, interquartile range = 0.54--3.06)compared with the mothers of GP controls (2.43 mg/dl, interquartile range = 0.61--3.82-Median CRP levels were significantly lower in the mothers of children with ASD (1.94 mg/dl, interquartile range = 1.04--3.90) compared with the mothers of GP controls (2.40 mg/dl, interquartile range = 1.32--4.48mCRP levels in mid-pregnancy were lower in mothers of ASD compared with controls. The maternal CRP levels in the upper third and fourth quartiles were associated with a 45 and 44% decreased risk of ASD, respectively (**negative association)**-Retrospective case control study.-Study has 2 phases with different sample size and different technique for mCRP measurement.Fig. 2Forest plot of studies mCRP and ASD

Discussion {#Sec9}
==========

Our results indicate that there is no association between the levels of maternal CRP and ASD. More likely reason for this result is small number of studies with variable methodology not enough to exclude this possibility or estimate the association of CRP in ASD.

Maternal CRP association with ASD is confounded by multiple factors i.e. age, ethnicity, smoking habits of mothers, socioeconomic status, and educational status. CRP is nonspecific, and can be elevated in many disorders from acute cardiovascular disease \[[@CR30]\] to chronic obstructive sleep apnea \[[@CR31]\]. Moreover, its level also changes with time and severity of ongoing disease process, therefore one-point testing of mCRP level or ASD subjects is not enough, which is the case in most studies.

Prospective studies with long term follow up with better methodology, are required to assess if CRP is associated with ASD. Such studies are difficult as factors involved are with both subjects (mother and child) and confounding factors are in perinatal span over long period of time. Consequently, there is no convincing evidence available so far for any specific pattern or elevated level of CRP in ASD children or their mothers. Role of CRP or inflammation cannot be excluded as well, as studies suggesting role of inflammation and immunoglobulins continue to be reported \[[@CR32]\]. Another study suggests children with ASD have higher plasma levels of glutamate, which may have a contributory role in pathogenesis of ASD \[[@CR33]\].

It appears pathogenesis of ASD is multifactorial and interaction among all contributing factors is complex. We have no convincing data thus far about position of mCRP or child CRP. A genetic predisposition or nutritional deficiency which may be compounded by an infection or inflammation during pregnancy, may modulate neurodevelopmental processes of the fetus with additional post birth factors from environment, nutrition or habits like smoking by mother may dysregulate immune system or nervous system growth and increased risk of ASD \[[@CR34]\].

Clinical implications and recommendations {#Sec10}
-----------------------------------------

Future research studies are needed to evaluate these risk factors by better methodology and long term follow up. These studies should be planned for at risk population prenatally, and should be performed with multidisciplinary approach where obstetrician, gynecologist, pediatrician, psychologist, psychiatrist, nutritionist and trialist are team members, and multiple measurements for these risk factors are recorded and subjects are followed up for longer duration. If such a correlation is established for mCRP with ASD it may help identify women at risk for giving birth to children with ASD. Subsequent studies to probe reasons for this elevation can help define etiology. It is also important for future studies to involve treatment measures to improve CRP and observe if it affects occurrence of ASD or severity of symptoms of ASD.

Study limitations {#Sec11}
-----------------

This metanalysis was only from 3 studies, which was heterogeneous. There are no more publications available with the data on this issue. All the studies are retrospective, observational and performed in different populations with different methodology which provides weak level of evidence. Data available are so sparse, that it cannot exclude the role of CRP in ASD as well. Random effect model was employed to address heterogeneity. Study of confounding factors by metaregression, a powerful mathematical technique and subgroup analysis helps in multifactorial disorders, but this small data are insufficient to perform Metaregression, to address the effect of confounding factors. Moreover, data provided in these studies were already adjusted for these variables. This study only highlights the fact that data available on this issue are only minimum and more studies are urgently needed. Funnel plot (Fig. [3](#Fig3){ref-type="fig"}) was also generated to estimate bias although small number of studies preclude reliable estimate for bias, which suggests publication bias may be present. Fig. 3Funnel plot for publication bias

Conclusion {#Sec12}
==========

It appears that presently available data are insufficient to identify or exclude CRP role in ASD. Studies are urgently needed on this very important clinical question which may help us identify a mechanism and population at risk, which could guide us to the etiology of ASD and help us provide better management or prevention of ASD.
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